Abstract: Dye-sensitized solar cell (DSSC) is a device that directly converts visible light into electrical energy. In this work we used dye was extracted from Rhoeo spathacea. A natural dye was directly mixed with TiO 2 anatase to obtain dyed titanium dioxide which can be used as photoanode for DSSC by varying the volume of dye. The first variation is 2 ml dye mixed with 1 ml of TiO 2 , and the second variation is 3 ml dye mixed with 1 ml of TiO 2 . The absorbance spectra of the dye and dye titanium dioxide have been investigated by spectroscopy UV-Visible Lambda 25 and the conversion efficiency of dye titanium dioxide used Keithley 2602A meter. The DSSC based on dye titanium dioxide with varying volume of dye showed that the efficiency of the the second variation is 0,033% which is higher than the first variation (0,023%) as obtained from I-V characterization.
Introduction
In 1991, Gratzel and O'Regan succeeded in developing a new type of solar cell, known as Dye-Sensitized Solar Cell (DSSC). Dye-sensitized solar cell (DSSC) is a device that directly converts solar radiation into electrical energy. The DSSC consists of nano crystalline titanium dioxide (TiO 2 ) layer, the dye molecule layer that absorbed by TiO 2 surface, an electrolyte which contains iodide/triiodide (I -/I 3 -), and accounter electrode which acts as a catalyst for electron regeneration (Syafinar et al., 2015) .
Dyes in DSSC act as the electron donor and titanium dioxide acts as the electron acceptor. When the sunshine on the dye, the photon of sunlight provides the energy to the electron of dye that makes the excitation electron. Then the excited electrons injected into the conduction band of TiO 2 film. The original state of the dye is subsequently restored by the donation of electron from the electrolyte with redox (for example I -/I 3 -) system, where it is regenerated at the counter electrode by electrons passing through the load (Gratzel, 2003) .
The sensitizer is important in DSSC because can convert the solar radiation into electrical energy. Natural dyes such as pigments used in food coloring can be used in DSSC. Anthocyanin is one of the natural dyes has been used as a sensitizer. Anthocyanin molecule can attach the dye to TiO 2 surface due to having carbonyl (C=O) and a hydroxyl group (OH) (Syafinar et al., 2015) . Rhoeo spathacea is one of the important sources of anthocyanin because has widely visible light spectrum (Sustia et al., 2013) . The most common semiconductor used in DSSC is TiO 2 because of its superior properties, inexpensive, like non-toxic, good chemical stability, biocompatibility, etc. The absorption spectra of TiO 2 is UV light (Kang and Lee, 2010 ) .
The one of an enhancement for the performance of DSSC is the number of dye molecules that can be absorbed by a layer of TiO 2. Dye-sensitizer is important in convert the visible light into electrical energy in case of chelate to the TiO 2 surface (Smestad and Gratzel, 1998) . The number of dye molecules that is absorbed by the TiO 2 is affected by the homogeneity of the mixture will determine the quality of the composite bond (Ananth et al., 2014) . The quality of composite bonding can be enhanced through the synthesis method. Thus, in this work will make DSSC by direct mixing TiO 2 with dye to obtain dye titanium dioxide by varying the volume of dye in the mixing process.
Experimental

Dye Extraction
In this work using powder natural dyes from anthocyanin extracted from dried Rhoeo spathacea. 5gr Rhoeo spathacea powder, 25 ml ethanol was mixed. The mixture was kept for half an hour at temperature 60C and was kept for 12 hours. The extract was filtered and used for the synthesis of natural dye mixed TiO 2 .
Synthesis of Dye Titanium Dioxide
The synthesis of dye titanium dioxide using 0,5gr the anatase phase TiO 2 nanoparticles, 3 ml ethanol was mixed. The mixture was kept for an hour. Then TiO 2 was mixed with dye by volume variations. The first variation is 2 ml dye mixed with 1 ml of TiO 2 , and the second variation is 3 ml dye mixed with 1 ml of TiO 2 . Dye was added dropwise into TiO 2 under vigorous stirring at room temperature with equal interval of time. After completing the dropwise addition of dye, the solution was stirred for an hour to obtain a homogeneous solution.
The paste of dye titanium dioxide coated onto the FTO glass with the spin-coating method. The measuring of the absorbance spectra of the dye and dye titanium dioxide using a UV-Vis spectroscopy system (Lambda 25).
DSSC Fabrication
The DSSC consisted of two conductive glass, TiO 2 layer, molecules dye, electrolyte and carbon layer (Hemmatzadeh and Mohammadi, 2013) .
For the fabrication of the dye titanium dioxide working electrode, a homogeneous paste dye titanium dioxide with variation volume was prepared. The paste of dye titanium dioxide was coated onto the FTO glass with the spin-coating method and sintering at 60C for 30 minutes. The catalytic counter electrode has been prepared with the FTO glass that heat at 90C for 5 minute and 250C for 15 minutes. Then 2.5 ml was added dropwise onto the FTO glass.
The DSSC are assembled injected with the electrolyte solution and then sealed using the clipboard. To determine the voltage and current of the DSSC was used a Keithley 2602 A meter (USA) under illumination by a lamp of 1000 W/m 2 .
Result and Discussion
UV-Vis analysis
The UV-Vis absorption spectra of dye and dye titanium dioxide with volume variation are given in Figure 1 . The absorption spectrum showed that the pure TiO2 does not absorb the solar radiation above 320 nm and dye Rhoeo spathacea exhibit a good absorption peak in the visible region at 665 nm and 413 nm. The absorption peak is showed in the region can more absorb the solar radiation because have more anthocyanin (Kartikasari, 2014) . Hence, TiO 2 needs a dye sensitizer to become a good solar cell photoanode material. It shows by the natural dye titanium dioxide exhibit a good absorption peak between the end of UV region and the beginning of visible region. Absorption peak is shifting which gets suppressed when dye mixed with TiO 2 . This implies that these types of dye molecules are strongly bound to the oxide surface (Ananth et al., 2014) . The quality of bonding was influenced by a homogeneous solution. By increasing the concentration of dye and in wavelength can affect the electron injection into the conduction band of TiO 2 (Kartikasari, 2014) .
Performance of DSSC
The characteristic of voltage and current of DSSC was a method to determine the efficiecy of DSSC. By inspecting Figure 2, Figure 3 , and Table 1 , it's shown the performance parameter of DSSC. (Figure 2 ). It means that the efficiency of the second variation is greater than the first variation. To determine energy conversion efficiency was using Equation (1) (Gong et al., 2012) Table 1 , the efficiency, current and voltage of the second variation was higher than the first variation. But the value of efficiency is still lowest than the research by Ananth and co-workers with similar method. This is due to many factors, such as less homogeneous solution, volume mixing TiO 2 with dye is not right, and the thickness of the semiconductor layer.
Conclusion
The comparison of volume mixture TiO 2 with dye affects the value of absorbance and efficiency. The dye Rhoeo spathacea exhibited a good absorption peak in the visible region at 665 nm and 413 nm. The absorption peak of dye is shifting which gets suppressed when dye mixed with TiO 2 and gets the different value for variation volume. The dye titanium dioxide exhibited a good absorption peak between the end of UV region (340 nm) and the beginning of visible region (386 nm). The performance of the dye titanium dioxide achieved an efficiency of 0,033% for the second variation and 0,023% for the first variation. It means that the higher volume dye can increase the value of efficiency.
